This paper stresses the need for a process safety capability maturity model (PSCMM) 
Introduction
Setting sensible goals for process improvement requires an understanding of the difference between immature and mature oil and gas organizations. The main nonobvious idea of maturity is that, mature organizations do things orderly while immature organizations accomplish their objectives as a consequence of much effort of persons applying methodologies created almost voluntarily [1] . KPIs of process safety in this paper are an expression of vital monitoring focused on a few critical risk control systems, to make sure their continued effectiveness. Performance indicators require a repetitive, regular check that key activities or actions are undertaken as planned. They can be considered as process measures or inputs essential to provide the required safety outcome [2] .
Each risk control system is supposed to be an important barrier or safeguard within the process safety management system. It is known that major accident can be ascribed to a substantial failure in only one critical obstacle. From the essential responsibilities of the senior management, in many organizations, is the process safety function in order to select the most capable risk control strategy. Commonly, such policies are carried out by a set of risk control programs which define the scope, objectives and detailed procedures of the proposed activities.
Regarding maintenance assessment, there are many capability maturity models (CMM) which have been established during the last few decades, but applicability of such models in process safety is rather limited. Therefore, this work proposes a generic process safety capability maturity model (PSCMM), for assessing process safety KPIs implementation processes. This model connects the process safety performance indicators and the performance assessment tools, to locate the organization's performance on a capability maturity ladder.
The objectives of the present study are: − Develop a process safety capability maturity model (PSCMM) framework − Test the proposed PSCMM framework by applying it in a joint venture company that operates offshore and onshore oil facilities in the Gulf of Suez (Egypt). − Using the PSCMM in evaluating the efficiency of process safety KPIs implementation method
The introduced method could be beneficial in companies' self-assessment for the purpose of improvement in process safety performance.
Literature survey
Over the past few decades, the capability maturity model (CMM) was evolved starting from the studies of Cater-Steel et al. [4] . These early studies investigated the applicability of quality management maturity grid (QMMG) for using the quality management spectrum. There are various application area of maturity models such as product development, patient safety culture, software management, risk management and information management [5] [6] [7] . However, a few number of published literature is reported on the development and application of maturity models in process safety. For example, a six-phase framework was introduced by De Bruin et al. [8] in order to develop a generic business process maturity model (BPMM). The BPMM phases contain test, populate, scope, maintain, and design. On the other hand, an eight-phase framework was suggested by Strutt et al. [9] for developing a generic design, safety capability maturity model (DCMM). Accordingly, an architecture composed of five maturity levels, and twelve key processes/assessment items was defined by this DCMM.
Performance assessment criteria was introduced by many capability maturity frameworks for the purpose of quantitative measures. Lately, many specific CMM was provided to evaluate maintenance. For example, Horenbeek and Pintelon [10] applied the analytic network process (ANP) for developing a maintenance performance assessment framework which is useful in selecting the maintenance performance indicator. Additionally, a maintenance maturity grid (MMG) was suggested by Chemweno et al. [11] to assess the capability maturity in asset maintenance. The architecture of MMG is composed of five maturity levels compared to ten dimensions. Nevertheless, the above mentioned CMMs neglected a number of essential aspects that comprise: (1) ambiguous framework for deriving the performance indicators; (2) lake of an obvious relation between the performance indicators and organizational strategy; and (3) absence of an efficient relationship relates the performance indicators with derived policies. To overcome the forgoing CMM shortages, this study proposes the use of performance measurement framework for process safety field, including measurements of qualitative and quantitative performances. The framework is based on the performance assessment score (PAS) and it considers the re-location of safety performance to four maturity levels.
Methodology

Process safety capability maturity model
The capability of an organization to accomplish goals can be estimated by the maturity of this organization's process safety. The proposed process safety capability maturity model (PSCMM) is a framework representing a path of improvements recommended for oil and gas organizations that want to increase their process safety capability. The main target of proposed (PSCMM) framework is to: a) Find strengths and weakness in the process safety performance implementation process. b) Understand the activities necessary to launch the continuous improvement program in an organization. c) Used as a guide to define and improve the process safety performance in an organization. The proposed (PSCMM) framework depicted in Figure 1 links between the different process safety performance measures stages. The framework consists of the following two stages: a) Performance assessment score (PAS) based on capability maturity levels. b) Continuous improvement.
Performance assessment score (PAS)
The tool for assessing process safety performance was mainly depended on the analysis of the effectiveness of each stage in the implementation procedures of process safety. Numerical terms were used to express the results from the assessment method. This tool was based on the traditional structure of the learning cycle and it was built on the following three components [13, 14] : Each dimension consist of a number of aspects that should be covered to measure the capability maturity level as illustrated in Table 1 . The assessment method was based on the following four main dimensions [15] :  Scope (the aspects variation relates to the tendency of completed activities, follow up and presentation format)  Quality (completeness of details and depth in the treatments of the aspects under the scope).  Time (time from reporting to implementing corrective action).  Implementation team (dedicated personnel for follow up, evaluation and the position level). For scaling the effectiveness of the implementation process in the system, the various aspects for each of the investigated dimensions should be characterized quantitatively on a discrete scale of 0 to 10. This will help in measuring the effectiveness as impartially as possible. As an example, Table 1 shows various steps for assessment tools. The scale was chosen for revealing the coverage of the dimensions of various aspects -from level 1 maturity, 0 on the scale (principally, there is no need for the information in the covered tool), to level 4 maturity (all tool dimensions and aspects are covered comprehensively). The requirements to fulfil a certain "score'' were illustrated by using guiding words for the four levels on a point scale of 0 to 10 with 2.5 (level 1), 5 (level 2), 7.5 (level 3) and 10 (level 4). There is an apparent similarity with the scale in ISO 9004, for example, 10 (level 4) is similar to "best in class performance'' and 0 (level 1) is similar to "no formal approach''. The method can be applied without trying to evaluate the significance of the different dimensions. Nevertheless, for the implementation process, in fact some dimensions are possibly more important than others, particularly the dimensions including many aspects, such as quality and scope [15] . Therefore, in this study, seven oil and gas experts (HSE, maintenance, production, marine, facilities, operation, and asset integrity managers) were cooperated to weight the dimensions factors in order to measure their effectiveness; the resultant experts weights for dimensions factors are 35 % for Scope, 35 % for Quality, 15 % for Time, and 15 % for Implementation Team. The user of performance assessment score (PAS) tool might choose other weighting percentages as per the organizational circumstances. In this phase, each risk control system is evaluated independently and assigned a PAS using an assessment template described in Table 1 . Depending on the generated from the first step considered developing process safety performance indicators, and the PAS for each dimension could be computed independently. Accordingly, an adapted mathematical formulation first suggested by Hsieh et al. [16] was applied, and the weighted overall performance assessment score (PAS) for inspection program was defined and computed as described in Equation 1. where , , , are the important weighting factors for each of the four main dimensions, i.e. scope, quality, time and implementation team, n is the total number of aspects in every system of risk control systems, , , , are the score for each aspect i defined in the scope, quality, time and team dimensions as shown in aspects column of Table 1 .
Continual improvement process
After locating the organizations on the maturity ladder, it may find the need to improve their process safety programs, i.e. move to the next level on the maturity ladder. The higher the maturity, the lower the variance between the actual and targeted results. For example, level 1 organizations normally fail to accomplish their originally schedule and target. On the contrary, higher maturity level organizations has the ability to raise process efficiency, decrease costly rework and reduce development time. Organizations could have the capability to achieve their goal at higher maturity level. When the organization wants to move to higher level, it is required to achieve the required aspect items in the desired level by improving its current safety performance level. The aim of this study is to propose structured framework for performance measurement in a particular organization in order to improve its present safety program. Therefore, a structured improvement framework can be studied in further research to act as a potential guide for developing improvement programs. 
Develop process safety key performance indicators (KPIs).
In this work, the presented process safety capability maturity model (PSCMM) framework is used in assessing the effectiveness of process safety KPIs implementation process. The key performance indicators (KPIs) can measure and analyze the functioning of risk control systems to assess the oil and gas safety performance. There are too many elements of each risk control system to be measured. However, it is not important to detect every part of a risk control system. The activities and operations that must be undertaken correctly as per schedule are necessary to be considered. In this work, two main items are taken into consideration. First one is the performance indicator for each risk control program [2] (mechanical inspection program, electrical inspection program, instrument inspection program, process safety inspection program, marine inspection program, asset integrity inspection program) which is calculated as the number of completed work orders (activities that frequently done to comply with safety management system) divided by the total issued work orders as described in Equation 2.
In this work, PAS values for different programs of the PSCMM model are compared with the calculated KPI values of the risk control system for each program to determine whether these values are matched. If these values are matched to each other, the key performance indicator applied to the risk control system is effective. On the other hand, if these values do not match, PSCMM can find areas to improve safety performance in the process.
3
Case study
An industrial case study is presented to test the applicability of the proposed process safety capability maturity model (PSCMM). The case study data was collected from the database of global maintenance system (GMS) owned by an oil and gas joint venture company that operates numbers of oil fields offshore and onshore. The company is certified as conforming to ISO The scope of the study is to locate the organization in the maturity ladder using PAS tool, apply key performance indicators (KPIs) for risk control systems to carry out the gap analysis and evaluate the effectiveness of the process safety KPIs implementation method. 
Locating the organization in the maturity ladder using PAS tool
Locating the organization in the maturity ladder begins by calculating the total performance assessment score (PAS). The following results were obtained: − The analysis generated from the GMS database was classified and rated quantitatively from 0 to 10 for each dimension and related aspects as shown in the score section of Table 2 . The rating process was carried out in accordance with the template criteria discussed earlier in Table 1 .
Regarding Table 2 , a sample from the mechanical inspection program was illustrated in column 3. The first aspect in the scope dimension is trend of activities implemented that was placed in level 1 where there are only a few implemented activities according to the data given in Figure 2 . This interprets its lower recorded value of 2.5 PAS (score value for level 1 in Table 1 ). The second aspect, the trend of follow up, is also supposed to be in level 1 maturity (more than 50 % of issuing work orders are under execution), and consequently it takes 2.5 PAS value. On the other hand, the electrical inspection program achieved 80% of the issued work order completed in time as shown Figure 3 . Thus, by applying PAS tool on the electrical program, the trend of activities implement recorded 7.5 PAS value (level 3 maturity). By monitoring time dimension on the GMS database, the carried out activities are evaluated half yearly and root cause report is issued 3 months after each deviation. Accordingly, the evaluation schedule aspect recorded 7.5 PAS value (level 3 maturity) in electrical inspection program. − The different aspects scores obtained from Table 2 were evaluated to demonstrate the significance of applying the weighting factor as shown in Table 3 . Any point in Table 3 is the result of the multiplication of the rating point of any aspect from Table 2 and the weight factor. For example, in column 4 of Table 3 for the mechanical program, the first point 0.875 (trend of activities implemented) results from the multiplication of 2.5 (rating of the trend of activities implemented in Table 2 ) x 0.35 (weight factor). Performance assessment score PAS from Equation 1 for each risk control system is calculated individually and the overall PAS value was estimated in the last row. − Table 4 shows the quantitative measure of general score of maturity levels PAS based on the standard score range scale. Regarding this scale level 1 score is lower than 2.5. However, level 2 range is 2.5 < score < 5, level 3 range is 5 < score < 7.5 and level 4 range is 7.5 < score < 10. − Set values for maturity levels, which were described before in Table 4 to be able to locate the risk control system in its maturity levels as described in Figure 8 (last row of Table 4 ). − Select the organization maturity level and uncover the area of weakness in each risk control system by locating the organization process assessment score PAS (last row in Table 3 ) on Figure 8 . All risk control systems exist in level 2 maturity, except, electrical inspection program, exists in level 3 maturity. 
Apply key performance indicators (KPIs) for risk control system
In this step, the data is analyzed by calculating the performance indicators using Equation 2. Figure 9 summarizes the value of the calculated KPI, target, and deviation. It is noted that deviations from the target of the electrical and the asset integrity inspection programs are the lowest programs. On the other hand, mechanical and instrument inspection programs have the highest deviation from the target. 
Evaluate the effectiveness of the process safety KPIs implementation method
The process safety performance indicator is fair for mechanical, instrument and process safety inspection programs with achieved KPIs values of 25 %, 22% and 47 %, respectively, and overall performance assessment score (PAS) of 7.625, 8.5, and 7.625 respectively. These obtained values locate these programs in the level 2 maturity. The PAS values of these three programs are completely matched with the status of the company facility. The actual physical status of the process shows that most pumps and control valves have leaking seals. The cellar deck area around close drain vessel and skim pile area are covered in a thick layer of crude with an opportunity to spill into the sea. A section of pipe work located below close drain pumps in the proximity of the casing pile skimmer was drenched in crude oil. The likely outcome is that oil might spill to the sea and therefore result to an environmental concern. The volume of oil that may have been able to leak to the sea could not be quantified. There is known pressure safety valve PSV test failure on studies made to replace failed PSVs but not yet implemented, the testing schedule for PSVs is not clear. There was no gas detection in the shelter, only battery operated smoke detectors. The active fire-fighting systems in the motor control center (MCC) are ineffective, as they are reliant on sealed atmosphere to enable the fire suppressant material to be sufficiently concentrated over a short time to smother the fire, and the open doors to the MCC render this functionality inoperative. Deluge system inspection was carried out every 3 months, but the test only involves checking to see if the nozzles are flowing or not. The deluge system should provide adequate coverage for any relevant fire and/or explosion scenarios, with respect to both volume and area coverage, for both horizontal and vertical surfaces. The fail/pass criteria for the deluge system are not robust. Most The internal audit program is well developed and executed, but there is evidence of consistent failure to act on the wealth of valuable information produced from the regular audits. Although there is a clear third-party audit schedule, auditors have failed to uncover significant operational issues, and the audit seems to be good news, which adds no real value to the assurance process. Audit report failed to name significant process integrity issues. The study proposed process safety capability maturity model on one year of monitoring risk control systems by developing process safety performance indicators, setting targets, monitoring its deviation and raising an alarm to the senior management for corrective actions. The failure of the organization to manage the risk control systems is manifesting itself in a systematic decline of conditions and the safe operation. Evidence of this was witnessed while applying KPIs. The condition of the production facilities is extremely poor and well below the standard that is expected and the level of neglect that was clear is surprising. There were clear threads of safety for personnel and assets with the thought that a serious incident will occur if no action is taken. Significant intervention is required to restore the production operation facilities, both shore based and offshore to confirm safe operation environment.
The proposed PSCMM framework could be used to assess the effectiveness of the process safety performance indicators and find areas for improvement.
This approach is capable to provide an acceptable assessments for each stage in the implementation process. For instance, the scores obtained from application of the PAS tool in Table 1 could be used for calculating total score for each step for all the risk control systems. Sets of values could then be used for locating the organization in the maturity ladder.
Conclusion
It was established that many oil and gas companies have found that the efficient implementation of process safety KPIs is often less than what is possible. There are many reasons behind this. However the most important reason is that there are no tools to evaluate the effectiveness of process safety KPIs implementation.
The main objective of this study is the development of a general capability maturity framework for evaluating the implementation process of process safety KPIs. The proposed process safety performance capability maturity framework (PSCMM) with its tool appears to be very useful in practice for assessing the effectiveness of the implementation procedure of process safety KPIs. The uniqueness of the framework is the systematic assessment of the effectiveness in all steps of process safety KPIs, and yielding quantitative measures that can be used for improvement. The method was tested in practice and it generated valuable results for the participating company.
